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ABSTRACT 

Various a.spects of the study of the Petalaxidae Fomichev, 1953 are consider- 

ed. Detailed observations from previous investigations together with new, 

more précisé data on the stratigraphie distribution of the Petalaxidae in the 

northern and central part of the Russian Platform are used as a framework 

for phylogcneric reconstruction. Five main morphological groups are reco- 

gnized within Petalaxis Milne Edwards e/Haime, 1852, based on the combi¬ 

nation of stable and variable features prédominant in each group. The main 

trend in Petalaxidae évolution during the Bashkirian and Moscovian stages is 

an increase in the colony intégration and the stabilization of multitrabecular 

septal structure. The diagnosis and species content are given for taxa includ- 

ed in Petalaxidae after author’s révision. Four new taxa are described: 

Donastraea n.g.» îvanoina (Procystophora) n.sg., Petalaxis (Petelaxis) primiti- 

vum n.sp. and P. (P.) gigas n.sp. 
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RÉSUMÉ 

Tendances évolutives des Petalaxidae (Rugosa) du Carbonifère moyen. Des 

aspects variés de Tétude des Petalaxidae Fomichev, 1953, sont considérés 

dans cette publication. Des observations détaillées provenant d’investigations 

anciennes et récentes, des données plus précises sur la distribution srratigra- 

phique des Petalaxidae dans la purtie septentrionale- et centrale Je la plate¬ 

forme russe sont utilisées comme un guide pour la reconstruction 

phylogénétique. Cinq groupes morphologiques principaux sont reconnus 

dans Petaiaxis Milne Pdwards ctHaimc, 1852, fondés sur la combinaison de 

caractères .stables et variables prédominant dans chaque groupe. La principale 

tendance évolutive des Pcralaxîdac pendant le Bashkirien et le Moscovien est 

une croissance dans Pintégrarion coloniale et la stabilisation de la structure 

septale muldtrabéculée. La diagnose et le nombre d’c.spèces sont donnés par 

taxons inclus dans les Petalaxidae, d'après la révision de l’auteur. Quatre nou¬ 

veaux taxons sont décrits : Donasimea n.g., îvanovia iProcystophora) n.sg., 

Petalaxis (Petalaxts) primmvum n.sp. and P. [P.) gtgas n.sp. 

INTRODUCTION 

Based on previous data (Hill  1981; Saiido 1983) 

the Petalaxidae range from Early Carboniferous 

(Visean) to Early Permlan, This investigation 

shows thar the Middle Carboniferous Petalaxidae 

are a remarkably widespread, abundant and 

short-lived taxonomie group. They range 

through uppermost early Ba.shkirian, lace 

Bashkiriaii and Moscovian stages (Fig. 3), and 

arc found In the Lirais, Arctic Canada, U.S.A., 

Northern riman, Nova)'a Zemlya, Moscow and 

Donetx Basins, China. Japan, Thailand, 

Cantabrion Mountains, Alaska and North Africa. 

Thus, they occur in the shelf faciès in the 

Tethyan and the North American-Uralian basins. 

They arc aiso known in Spitsbergen and 

Arctic Canada (Bamber & Fedorowski 1995; 

Somerville 1997)- 

MATERIAL  

The data for this study were obtained from bed 

to bed collections of coral faunas from the 

uppermost Early Bashkirian-Moscovian of the 

Novaya Zemlya Archipciago (Cape Makarov, 

Northern Island), Sula River and Malaya 

Pokayama sections of Northern Timan (Figs 1, 

2) and some sections of the Moscow région. 

Also, new material collected from the Moscow 

Basin was included and the works of 

Dobrolyubova (1935) and Fomichev (1953) 

were revised. 

STRATIGRAPHIC POSITION 

Two partial-range zones, the Petalaxis zone and 

the Ivanovia zone, hâve bcen defmcd (Kossovaya 

1995), based on the cvoluiionary patterns shown 

by the Petalaxidae from che uppermost Early 

Bashkirian ro che top of che Moscovian stage. 

The détermination of the partial-range generic 

zone boundaries was based on taxonomie diversi- 

ty dynamics. the structure of che assemblages and 

phylogeny of the Petalaxidae. Analysis and esti¬ 

mation of zonal boundaries show thac the more 

précisé levels for corrélation are chose characteri- 

zed by the biocic events in the development of 

che coral assemblages (extinction, initia! phase of 

recovery and radiation). Three main phases of 

variation in rugosan diversity were distinguished 

after the abrupt élimination of many généra as a 

resuit of the Mid-Carboniferous event (base of 

Hontocerm zoncr Kos.sov;ty4 1996, fig. 3). These 

data bave been used for international corrélation 

(Kossovaya 1996, fig. 8), but now shoiild be 

modified a Üftlc. 

Vm. Petalaxis zom 

The appcarance of Bashkirian représentatives of 

Petalaxis coincides with the stabilization of 

favourable marine conditions and marks che 
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beginning of rhe recovery interval that corres¬ 
pond to the base of che PetaLveis 7.one. It begins 
approximarely at the base of the praegonkyP 
staffelliformis fusulinacean xone (= Streptogtia- 
thodîis expansm-Jdioffiathndns nniiosm conodonc 
zone (Koreti 1980)) with the sudden appcarajicc 
and rapid expansion of massive colonial PetaLixis 
along the eastern niargin of the Euro-american 
paleoconfinenL (Eig. 5). "Ihis boundary was 
observed in Novaya Zemiya and Northern 
Timan sections and bas been documented in the 
Bashkirian Mountains srratotype région (Ogar 
1985). This lève! is also emphasized by diversifi¬ 
cation of solitary and fasciculare corals 
(Kossovaya 1996). In the Cape MaJearov section 
(Novaya ZemIya, Loc. 801, Fig. 1) the First 
représentatives of Petûlaxis primitnnim n.sp. 
(/? groiip) were foundwith P^eudostnjJelUi 
anîiqua  ̂P. ginndia ds\à P. cP. prae^mkyKA^xçxtm- 
ned by Dr. W Davydov, Fig. 1). In the Sula River 
section (northern Timan), at Loc. 31 (bed 9) 
Petalaxis, represented by 7? persubtilh Ko/.yreva, 
1974 which occurs cogetber with Donophyllum 
retîculatum (Fomichev, 1953) (bed 9) and 
Yakovleviellit tschernysnhewi (Gorsky, 1978). The 
first occurrence of 7? sp. aff 7? mtoyanm Mîlne- 
Edwards cr Haime, 1851 was fixed in the 
Askynbashskian stibstagc in the Southern Lirais 
(Ogar 1985). Numeron.s specics of Petûlaxis àvc 
known frorn rhe Baslikirian deposits ol the 
Voronezh uplift. The Early Bashkirian intcrvul Is 
characterized by P persubli/is Kazyrc\"a> I974v 
R korkhovac Kozyreva, 1974  ̂P tmnuinix 
Kozyreva. 1974. P. exdü lvozyrc\'a,. 1974 and 
P confertus Kozyreva. 1974 (Fig. 5).. Somc of 
these specics extend inro the Late Bashlctrian, 
where P. mirm Kozyccva» 1974, P. evidens 
Kozyreva> 1974 also appear (Kozyreva 1974, 
1984), In the Cantabrian Mountains PemLvcis 
occurs in the équivalent Westphalian A 
(Rodriguez 1984; Rodriguez et ni 1986). In 
Arctic Alaska (Northern Flank. Eastern Brooks 
Range) PetaLixis wahooemis is (ound ac the base 
of the Atokan stage (toraminiferal zone 2], 
Armstrong 1972). PifUtlaxis shown in the lisi 
of Bashkirian généra in tfie midcontinetii ând 
the western interiur of USA by Sandu (Rodriguez 
et al. 1986; Sando 1989). The précisé stratigra¬ 
phie position of Petalaxis is known from four 

Southern Midconcinent Morrowan localities, ail 
associated with the Idiognathodus sinuosns cono- 
dontzone (Sutherland & Grayson 1992). 
‘Lhe appcarancc of Petalaxis [7^ kitakamierisis 
(Minato, 1955)] was fixed in grainstone or 
packsrune beds of Bashkirian âge near Ban Tat 
Su (Km 13), Thailand (Fontaine ei al 1991). 
The level ofrhe f-FwitvA appearance .seems to be 
usefiil for international corrélation and allows to 
correlate the base ot Petalaxis zone wirh the 
middie part of Morrowan and rhe base of the 
Westphalian A (see Kossovaya 1996, fig. 8). 
AJter the decrease of diversic}' until Vereian sub¬ 
stage (Fig. 3) in which no nevv species appeared, 

reached its greatesr géographie distribu¬ 
tion in dre Kashirian substage. Some species with 
internai structure differiug from those in lhe 
Bashkirian appear in the Kashirian of ihe ea.stcrn 
part of Rus.siaa Flatform (Oka-Zna uplift, 
Studentz quarry). l'he prédominance of massive 
colonial Petalaxis àcïmcs rhe P. rneoyavus zon  ̂in 
the fronces Basin (Zonal Strarigraphy 1989). 
P. si)>Ltxis uralica (Gor.sky, 19'^8) occurs in coeval 
deposits ofCiornaya Bashkiria. in che Urals 
(Ogar 1990). l'he number of .species is not very 
liigh, only lhe main brandi siill  exisis (Fig. 5). In 
different régions, coral diversity begins lo increa- 
sc; in inicrval 12 of the western interior of USA, 
at lhe beginning of che Westphalian Q In the 
base of the Kashirian substage in the Moscow 
Légion (post-Vereian incieasc of divensi:}' m reco¬ 
very inteiwal, Kossovaya 1996) 

Tilt  Ivanovia V-iMM  
The appearancc of ascrcoid colonies wirhin one of 
rhe Petalaxis branch seems ro be rhe most remark- 
able event in the family évolution. Tlie Rrst repre- 
sencatives of (vamvia Dobrolyubova, 1935 appear 
in rhe Podolsk qu,irry (stratotype of the 
Podolskian .substage, Mo.scow région, Kossovayas 
collection) and ihen become abondant in the 
Myachkoviaii substage, wlicac che PeuLtxis aesicu- 
lostts (Dobrolyubova, 1935) group is dominant 
(Fig. 6). faa?i<nûa podulskiensn Dobrolyubova, 
1935 is known from the Upperrnost Ku.shirian 
ând Podolskian sub.srâges in the Cantabrian 
Mountains, Asturias, Spain (Escalada Formation) 
(Rodriguez 1984). The first appearance of 
Ivanovia coïncides approximarely with the base of 
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Fig. 1. — The occurrence of Petalaxis and associated species in îhe Bashkirian and Early Moscovian deposits of the northern part of 
Russia (loc. 801. northern island of Novaya Zemlya; loc. 31, Northern Timan, Sula River section). 

the Podolskian SLibsta|;c (Figs 3. 5, 6), which is 

considercd to bc the beginiiing ot the radiation of 

the Petalaxidac and is dcfincd as the lowcr bouii- 

dary of the îvanovia zone (the base of colaniae- 

vozhgalenm-kamemh ioraminifèra zone, Fig. 5). In 

the Donets Basin, Ivamvitt hom limestoncs 

K8-L6 (Fomichev 1953), slightly below the first 

appearance of Ivanovia in the type area. The maxi¬ 

mum diversity of Petalaxis and astreoid forms is 

record-cd în the Myacldcovian subsrage, c.spccially 

in the Doncts and Moscow Basins, whcrc nume- 

roLis species of Ivanovia {Ivanovia) (Dobrolyuhova, 

1935), /. {Prncystophom) n.sg., Donitstraea n.g, and 

Dobrolvubova, 1935 (Fig. 15) 

occur. In the radiation interval (Figs 5, 6) ail 

groups of Petalaxis exist almost simultaneousiy, 
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N'urthern Timan 

Fig. 2. — The occurence of Petataxis and associated species in the Moscovian deposits of the northern Timan sections (see legend 
Fig.1). 

but the /? vesicîilosus group i.s most wide.spread. 

This interval i.s dcfined as the PetaLtxis vesiculosus 

species-range /une in the northern llman sections 

(Kossovaya 1995) and is also characterized by 

P. flexiwsîi^ (Trautschold, 1879) (Moscow Basin, 

northern Timan, Belaya River section), P gigâs 

Kossovaya n.sp, (Northern 1 nnan, Sula River sec¬ 

tion and iVîalaya Pokayaina section), P. orhoensis 

(de Grooi, 1963) and P stylaxis (d'rautschold, 

1879) (Moscow Basin). In tlic Malaya Pokayama 

section P gigds nsp. [mintlosus’grmxŸ) was lound 

together with index-species of the Meogndthodus 

roundyi-Streptogmnhudus. cdnrellosus coriodon l 

zone (zonation by Cioreva in Goreva &: Kosso\^aya 

1997). In Belaya River section. P flexnosus (loc. 5, 

bed 5-7) was found in the limescone, overlying 

that containing the PamstaffeHn bradyi Moeller, 

1877 and Pnrastaffella O/awa, 1925 

(determined by Alekseeva, pers. corn.). Tbese 

foram species are widespread in Moscovian depo- 

sits of the Russian Platform. In the type section of 

the Myachkovian substage at Domodedovo quar- 

ry\ Peta/dxis spccics {stylaxis, flexuosns) occur in the 

lower part of substage (Novlinskaya Formation) 

and the last représentatives of P. sîylaxis group 

occur in the upper part oi Sula Formation in the 

MaJaya Pokayama section (bed I 13) slightiy below 

the Moscovian/Kasimovian boondarv (Fig. 2). ïn 

most areas of western Russia, tae Petalaxidae bcca- 

mc minet bcforc chc end of the Myachkovian. 

Ivanovia zone coïncides with radiation pha.se, 

which is easily recognisable in Noviiya Zenilya, 

in the Mo.scow Basin and surrounding area and 

in the Northern Timan section at the base ol ilie 

colunïae-vozhgalensis’kamemh zone (Fîg. 5) ai the 

base of Podolskian substage on rhe Russian 

Placfdrm. In addition, chc peak of divetsit)' is 

fixed in the base of Westphalian D, and rhe base 

of rhe Desmoinesian {Interval 13. Western inte- 

rior, USA, Sando 1989), 7? yosti Stevens, 1995 

(belonging to P Grootia group) occured in Bird 

Spring Formation of the Desmoinesian (Stevens 

1995) and could be correlated with the upper 

part of Moscovian. 
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Fig.3. Taxonomie diversity of Petaiaxidae Fomichev. 1953. I. innovation levai al the base of Podolskian substage; H, hiatus in the 
Petalaxidae distribution at the end of Serpukhovian and the beginning of the Bashkirian; E. extinction at the end of the Moscovian. 1- 
15, foram zones of the Russian Platform (Zonal Stratigraphy 1989). Visean: 1, Eostaffella ikensis; 2, Eostaffella tenebrosa. 
Endothyranopsis parvus. Serpukhovian; 3. Tarusian-Steshevian substages, Pseudoendoihyra globosa, Neoarchediscus parvus 
zone; 4. Pfotvian substage, Eosïatfada protvaa zone; 5, Zapaltubign substage EosiqmoKna expticaîa, Monotaxinoides subplana 
zone. Bashkirian: 6. Voznesenskran substage. Plectostaffella bogdanovskensis zone, 7. Syranian substage. Boetaftefla psevdotru- 
vei. E. posimosQuensis. E van'ariûnsis zone; 8. Akavasskian substage. Pseudostaffeffa antique; 9. Askynbashîan substage. 
Pseudostaftella praegorsky. Prafasudnella staffalhformis: 10, Tashastynian substage, Ozawainsffù pararhomboidalis. Protusulinella 
primitiva; 11. Asatauskian substage. Verella spicata. Aljufovelia tikbonovicbt, Moscovian: 12. Vereian substage, Aljutovella afjutovi- 
ca. Schuhertella paucisuptàta: 13, Kashirîan substage, FasiMina pseudoelegans, Aifutoi/efla znensis: 14. Podolskian substage, 
Fusulinella colanlaea. F. vozhgaiensis, Fusulina kamensis. 15. Myachkovian substage, Fusulinalla bocki. F. eopultnra. F. cylindrica 
Kasimovian; Krevyakinlan substage, Proiritidtes pseudomontiparus. Obsolètes obsolelos. 

TAXONOMIC REVIEW 

The Family Petalaxidae was established by 

Fomichev (1953) (Fig. 4). According to bis ini¬ 

tial diagnosiSv only généra of massive colonial 

corals wirh a conrinuous intercorallite walb a 

lamellar> complex axial structures containing 

axial dissepiments and/or axial plates were 

included in chis family. The dissepimenrarium 

consists of large dissepiments interrupting the 

septa. Wichin this family, Fomichev (1953) reco- 

gnized only one gênas Petalaxia Milne Edwards 

Haime, 1852 (type -species P mcoyanus Mï\ne 

Edwards (?rllaimc, 1852) including the sub- 

genus Cystolonsdaleia Fomichev, 1953. According 

to Fomichev (1953), a possible ancestor could be 

Thysanophyllum Nicholson Thomson, 1876 or 

Endophyllum Milne-Edwards et Haime, 1851 

(Early Carboniferous). .Similar corals, dis- 

tingui.shed by an Interrupted intercorallite wall, 

were grouped into the Family Cystophoridae 

Fomichev. 1953. It embraced Iimnovia 

Dobrolyubova, 1935, Cystophora Yabe et 

Hayasaka, 1916, Polythecalh Yabc et Flayasaka, 

1916, and Loitsddleuhtrdea QcïÛï, 1921 with the 

possible ancestor Thysanophyllum. Lacer Hill  

(1981) revised Fomichev’s systematics and in¬ 

cluded ail ol thèse gênera, partly as junior syno- 

nyms, into one taniily (the Petalaxidae), and 

changed the family diagnosis accordingly. Sando 
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Fomichev 1953 Hill1981 Sando1983 Kozyreva 1980, 1984 

Petalaxidae Cystophoridae 
Fam. nov. Fam. nov. 

c 
çç 

Crt 
ca 

CÛ Hiatus 

ANCESTOR ANCESTOR 
Thysanophyllum Thysanophylfum 

or 
Endophyllum 

Petalaxidae 
Fomichev 1953 

Upper Visean 

ANCESTOR ANCESTOR 
Stelechophyllum Lonsdaleia 

Fig. 4. — Historical review of previous investigations showing stratigraphie range of généra within Petalaxidae. Hiatus in the 
Petalaxidae distribution embraces Voznesenskian. Syranian and Akavasskian substages (Bashkirian stage). C1, Early 
Carboniferous. 

(1983) published a very imporranr révision ot 

Petalaxis, where five species groups were distin- 

guished: the simplex group, the jlexunsus group, 

the wagneri group, the rncoyanns group, and the 

vesîculosus group. Stelechophyllum l olmachev, 

1933 (Lithostrotionidae) vvas suggested as a pos¬ 

sible anccsior. Kozyreva (1984) dealt witb the 

evolurionary aspects of the Petalaxidae, where 

Lonsdaleia Mc Coy, 1849 was suggested as a pos¬ 

sible ancestor. Tbe présent investigation and sup- 

porting phylogcneric reconstruction makes some 

changes to Hills (1981) System, but follows a 

fcw of the main principles established (HÜI 

1938; Sando 1983) in general aspect, but in a 

somewhat ntodified fonn: 

- comparison of the adule stages of different 

species; 

- investigation of variabiliuy within one species; 

- use of budding and early stages of development 

for récognition of ihe connection between spe¬ 

cies (généra) bascd on the récapitulation law; 

- comparative analysis of septal microstructure; 

— use of different type of stratigraphie data, 

including event stratigraphy as a framework for a 

phylogenetic model. 

TAXONOMIC DIVERSITY ANALYSIS 

The firsr appearantee of species included in 

PetaLtxis is suggested from the Late Visean depo- 

sits of North America [/^! shnplex (Hayasaka, 

1936), Litric Fiat Formation, Utah] (Bamber 

1961; Sandü 1983). P simplexh characterized by 

very short major septa, which are poorly express- 

cd iii  the early stages of coralliic development 

(Sando 1983, plaie 18, fig. 1). The taxonomie 

diversity analysis ot the Petalaxidae shows an 

interruption of Petalnxis lineage and associated 

généra in the uppermost Scrpukhovian-lower- 

mosr Bashkirian (Fig. 3). Di.sappcarancc at that 

level affects not only species, but nume- 

rous taxa of rugose corals and has been described 

as a minor mass extinction event (Kossovaya 
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Schubertella pauàseptata 

Verella spicata - 

Aljutovella tikhonovichi 
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Fig. 5. — Distribution and stratigraphie range of Petalaxis and Ivanovia species in the Bashkirtan and Moscovian deposits of the 
western part of Russia. 1, Moscow Basin: 2. Donets Basin; 3, Voronezh anticline; 4, Nova Zemlya; 5. Northern Timan; 6. Gornaya 
Bashkiria. N.B. Early Bashkirian substages omitted (see Fig. 6). 
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Fig. 6. — Phylogenetic relations between morphogenetic groups within Petalaxidae. 
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1996). Tlic divStrilïution of the Pccalaxidac \s rcs- 

trictcd by extinction of the most species bcfore 

the beginiitg of the Kasimovian. Permian repré¬ 

sentatives ot Petalitxis  ̂numerous in the 

Wolfcampiaii deposits of California (Wilson 

1982) are ab.sent froin the Kossov-ayas collection 

and everj^vherc in Riissia, and arc not considered 

hcrc. The punctuated character of diversification 

of the Petalaxidae b expressed by two rentarkable 

hiatuses: one near the mid-Carboniferous boun- 

dary and another noar the lower Kasimovian 

boundary (Pigs 3. 3). During the uninterriipted 

séquence wiihin the Bashkirian and Moscovian, a 

significant decrease in the diversity occurs at the 

base of the Vereian substage (Fig. 5) coinciding 

with stabilization of conditions unfavourable for 

massive corals. The beginning of a short trams' 

gression followed by the abrupt change to régres¬ 

sion took place during the Vereian in rhe Moscow 

Basin (Briand et al, 1998). The samc diver.sity 

pattern is characrcristic for ooeval deposits of rhe 

Urals (Gor.sky 1978; Ogar 1984. 1990). A gra¬ 

duai incrcxsc in divensit)  ̂b charactcristic for the 

Kashirian substage. The appearance of Petalaxiszt 

the middle of thb substage in the Moscow Basin 

coïncides wiih a iran.sgiessivc sy.stem tract 

(Studenetz Quarry) (Briand étal. 1998). Adaptive 

radiation and widespread expansion ol the 

Petalaxidae occur in the Podolskian subscage and 

coincides with the appearance ol niorphological 

innovation, characterized by a tj'pc of colony 

with a higliei degrec ot intégration {aphroid and 

thamnasterioid colonies of fvanovin and 

Donastraea). In the Moscow Basin, the levels of 

Petalaxidae radiation and rhe appearance of 

astreoid colonies aLso coïncides with a maximum 

flooding surface (Briand et ai 1998), The disap- 

pearance of Petalaxidae in the Moscow Basin can 

be illustraied in Domodedovo quarry where ir is 

correlated with a régression at the l)a.se of Peski 

Formation ai the end of ihc Myachkovian time. 

Only one species [stylaxis group) wiih maximum 

morphological simplification has been found ncar 

the Moscovian-lxasimovian boundary and may be 

considered as dre lasr species of long-living line- 

age of the Petalaxis 

There arc sonie data on longer duration (Late 

Carboniferous) of very restricted assemblage ot 

astreoid colonies in the Donets Basin (Fomichev 

1953) and China (/. jiaozuoensis Peng, Lin et Li,  

1992). 

SYSTEMATICS 

Family Petalaxidae Fomichev, 1953 

Petalaxidae Fomichev, 1953: 449-452. - HÜl 1981: 

F 401. - Sando 1983: 23-40. — Bamber & 

Fedorowski 1995:4. 

Cystüphoridac Fomichev, 1953: 469 (type genus 
Cystophora^’jüoe erHayasaka, 1916) 

Type genus. — Petalaxh Milne-Edwards et Haime, 

1852. 

GfNERA inciuoH). — Peiaifixh Milne-Edwards et 
Haime, 1852; Perafaxis (PetaLms) Milne-Edwards et 

Haime, 1852; P. {Grootia) X. Yu, 1984; Cysto- 

lonscialeia Fomichev, 1953; Ivanovia {Ivanovid) 
(Dobrolyubova, 1935); /. {Procystnphora) n.sg.; 

/. {PwtoivaaQvia) X Yu, 19'^7; Bcnxiphyllum Wu et 
Lin, 1992. 

Age. — Early Carboniferous?, Middle Carboniferous, 

Early Permian?. 

Diagnosis. — Cerioid, cerioid-astreoid, aphroid and 

thamnasrerioid; axial stnicture represented by lathlike 

coliirnt'lla conjoined with long cardinal septum, bcco- 
ming iiarrow axial column bv addition of few, short 
septal lamelluc and axial tabcllac. l'hc lalter fVnms Hie 

dlsconrinious column wall. Periaxial tabulac siib- 

horizontal or concave or décliné abaxiallv. Some taxa 
have a very compicre axial .struernre sîinilar in texture 

to cône in cône. Tabular subhorizontal or slightly 

con-cave or convex. Dissepimentariiim commoniy 
lonsdalcoid. Microstructurc from mono- ro multitra- 

bccular. 

Remark 

The proposed phylogeny model (Fig. 6) is based 

on the comparative analysis of rhe following 

morphological featurcs and estimation of cheir 

variability and stability. 

Such morphological featincs are considered to be 

important: the numher of rows of disscpimencs, 

rhe complexity of the axial structure,, the ratio of 

the width of dissepimentarium to diamerer of 

tabularium, the degree of development of rninor 

septa. This is the basLs for dislinguishing sevetal 

main groups within the Petalaxh genus showing 

independent évolution trends of the each lineage. 
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Some of this group hâve to be considérée! as 

a subgcnus after redescription of most of the 

species. 

Discussion 

By the Kossovaya's opinion, based on the obser¬ 

vation oi Petalaxis species in the American 

Muséum of Natural History (Washington), the 

Early Carboniferous species, which had been 

included in the PeUiLixis by Sando (1983) 

hâve to be revised frooi the point of micro- 

structure. By their morphological macrofeatures, 

they are more similar lo Stelvchophyllurn 

Tolmachev, 1933 (Sando 1983).. 

Genus Milne-Edwards erHaime, 1852 

Petalaxis Milnc-Edwards et Haîme, 1 852: 
205. - foniichev 1953: 449-452;. - Hill  1981: 
401.-Sando 1983:23-25; 

Stylaxis MWne Edwards e/Hainie, 1851: 452 (part.). 

Litbostrotioïiella Yabe et Hayasaka, 1916 — 
Dobrolyubova 1935: 14. 

Lonsdaleta Mc Coy, 1849 — Dobrolyubova 1935: 29. 

Type SPEtacs. — Petalaxis rneoyana Milne-Edwards et 
Haime, 1852. Lecrotype; sample 1/251, St Petersburg 
State University. Muséum ol Historical Geology 
deparcmeni (Fedorowsld &: Gorianov 1973: 58-59, 
pl. XII,  fig. 4, texr-fig. 20). 

Age and EOCAI.ITY. — Middlc Carboniferous, 
Moscoviun .stage, Myachkovian horizon, Moscow 
région, Myachkovo village (Fedorowski & Gorianov 
1973). 

DtagNüMS. — Cerioid colonies; corallices with 
simple, narrow axial structure of larhlike columella 
continuoiLs with one or two long proiosepta, corn- 
monly cardinal one, reinlorced ny one or two ver)* 
short septal lamelUe and sparse, sreep axial labella 
next belüw'; other major septa withdraw' from axis; 
dissepinicntarium of dtffcrcni wrddi. tabiilae sub¬ 
horizontal; supplemenied pcripherallv by abaxially 
declined tabcllae. Pttiihxis genus includes four 
morphogeneric gfoups ol Petataxù {Petalaxis)'. StylaxiSi 
flexuosusy vesiculosusy mcoyanusmà Petalaxis {Grootia). 

Subgcnus Petalaxis (Petalaxi  ̂

Milne-Edwards erlTaime 1852 

Diagnosis. — As for genus, excludiiig représentatives 
with weak development of lonsdaleioid dissepiment. 

Petalaxis (/?) group 

(Figs 7, 13C, D. 15A, B, 16A, B; Table 1) 

SPKCII-:S INCl.UDKD. — P. (P.) stylaxis ('ITautschold, 
1879), P. (P.) priraitivum n..sp., P. kitakamiensis 
(Minato. 1955), P. penduelensis(Ae.GlsooK, 1963). 

Age. — Latc Bashkirian-Mos'covian, Early Kasi- 
movian?, 

Di.AGNOSIS. — Cerioid colonies with complété inter- 
corallite wall, simple axial structure, composing the 
thickened end of cardinal sepnini or conjoined cardi¬ 
nal and counter septa. Disscpinientarium from 1- 
3 rows ol dissepiments, but consfani. Minor septa are 
vety short or inconstant. The cadicsr species. belong- 
ing ro the styluxts group. are characrcrized cîthcr by 
a vêry simple axidl structure or by conjoined cardinal 
and counter septa; They hecame longer in Moscovian 
species. In their earliest growtk stage, rhe coraLlites 
have no disscpimcnt.s. Only a ttAv rosvs of dissepi- 
menr.s are characrcristic lot tlic adult stages of the 
Bashkirian Petalaxis (P.) fa-imitivurn n.sp. (l'ig. 7G. 
H). The Myachkovian Petalaxis {P.) stylaxis \s clurac- 
terized bv diicker axial structure and hv variation in 
ihc lengtii of minor septa at matiuicy (Fig. 7A-F). The 
trend ftotn reduted minor septa, rypical for 
Bashkirian représentatives, to variable minor sepra in 
ihose of the Moscovian .seem.s to be the evoluiionary» 
irend vvichin thU group. The most stable feacures are: 
(!) ïhe number of dissepiments rows (1-3); (2) a 
simple axial structure; (3) the rafio of dissepimenta- 
riuni width to cabularium diameter Wdis/Dtab is 
about 0.2-0.3 (Table 1). 

Petalaxis (/?) primitivum n.sp. 

(Figs7G-l. 16A, B; Table 1) 

llüLüTYPE. — Collection CNIGR muséum, St 
Petersburg, 801/11, Novaya Zemlya, Northern 
Island, Cape Makarov, loc. 801, bed 11, Bashkirian 
stage, Askynba-shskian substage. 

MatERIAE and OCCl'RENCE. — Bashkirian stage, 
fVskynbashskian substage, Nova)Ti Zemlya, Northern 
Island, Cape Makarov, loc. 801, bed 11, one colony 
{collecring of Dr. V. P. Matveev). 

E'n'MOI.OGY. —From primitive (lat.), very simple. 

DE-SCRIPTION 

Small cerioid colony with five tu six angles cural- 

lites. Intercorallite wall is thin. Major septa thin, 

long and readi two-third ol coralUte diameter. 

Diameter of corallite 4-5 mm, rare 7 mm. 

Number of major septa 15-18. Minor septa 
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Fig. 7. — Petalaxis (P.) stylaxis group: A, B. Petalaxis (P.) sty- 
laxis (Trauschotd) = P. sîyfavis vat^. Dobfolyubova. N 17/140 
muséum PINRAN Moscou Basin. Moscovian stage, 
Myachkovian subslage; C, Pçtataxis (P.) stylaxis (Ts- 
P. styiaxis var.2. Dobrolyubova. N 22/140 m\/àeum PINRAN. 
Moscow Basin. Ruza-Ojigoya. nghl bank of Moscow River 
down stream from Novaya Ruza. Moscovian stage. 
Myachkovian suOsiage: 0-F, Petalaxis (P) stylaxis 
(TrautschOtd), W 32-S-4a/1 CNIGR muséum-, St Pelersburg. 
Russia, Northern Timan. Sula Hiver section, loc. 32. bed 9. 
Moscovian stage. Myachkovian substage: G-l, Petalaxis (P.) 
primitivum Kossovaya n-sp., Novlaya Zemiya. Northern Island. 
Cape Markarov, N 801/1. bed 9. coliecling by Dr V. Matveev. 
Bashkirian stage Askynbashskian substage Scaie bar: 1 cm. 

poorly devcloped, shorr and in sonie corallices 

they are absent. Thin interrupted column 

consists of Lonjoined axial parts of cardinal and 

counter septa or separatcd médial place. 

Dissepiincntarium consists of two or thrcc ranks 

of incersepial dissepimencs and fcw lonsdaleoid 

dissepimeiiis. The latrer do nor forrn a constant 

ring. Dissepimentarium is separaied from tabula- 

rium by rhin inner wall. The width of disscpi- 

meniariuni is 1.0 mm. d’abulae are Hat» or 

slighdy concave or convex, Microstructure is of 

monocrabccular type. Diameter of tabularium 4- 

4.5 mm, Wdis/Drab 0.2-0.25. 

DiSCUSStON 

This species differs from R stylaxis by less deve¬ 

lopment of lonsdaleoid dissepiments and more 

piQ. 8. — Petalaxis (P.) ves/cu/osus group: A-D. Petalaxis (P.) 
vesiculosus (Dobrolyubova), N 27/140 muséum PINRAN, 
Moscow Basin, Ruza-Ojigova. right bank of Moscow River, 
down stream from Novaya Ruza. loc, XXVI,  bed^  ̂Moscovian 
Stage. Myachkovian subslage; E-H, Petalaxis (P) gigas 
Kossovaya n.sp., N 32-9*3a/3 CNIGR muséum. St Petersburg, 
Rüssia, Northern Timan. Sula River section, loc. 32, bed 9, 
Moscovian stage Myachkovian substage. Scale bar 1 cm 

numerous major septa; from B kitakamiensis by 

rare occurence of lonsdaleoid dissepiments 

(Fontaine 1991); from 7?penduelemishy constant 

and thicker column. 

Petalaxis (P) vesiculosus group 

(Figs 8, 9, lOB, C, 13A, B, F, G, 14C-E; 

Table 2) 

Spt-'CIF.S I.NCl L'Dtfï. — T (P.) Vi'sii'idaSHS {Dubro- 

lyubovj, 1935), P- {P.) bdimkitmii Foiitichcv. 1953, 
P, {P,) lisiïscbanskensis Fomichev, 195.3, /I (/3) gigiis 
n.sp., P. [Pi) mobtk{77tusV\sn\\c\\x:\', 1953, P. (P.) exilts 
Ko/yrcva, 1974, P. {P.) horkhovae 1974, 
7*. {P.) persubûln Kozyrevu, 1974, P. {PI) coufertus 
(KozyrcVà, 1974), P. (P.) mlrus (KüZ)-rcv^a, 1974), 
P. {P.) mVf'wr (Kozyreva, 1974). 
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Table 1. — PelatâAis \P ) sfylaxis group. D diameier of corallile (mm); Wdis. dissepimentarium width (mm); Dtab, diameter of tabu- 
larium (mm): SI. major septa: S2, development of minor septa; DR. the number of rows of lonsdaleoid dissepiments; Wdis/Otab, the 
ratio of dissepîmentarium wldtb to tabularium diameter; r, reduced; pd. poorly developed; d. developed. The measurements of 
P {P.) stylaxls are based on Dobrolybova (1935) and Kossovaya’s collection and of P. {P.) primitivum is based on the holotype. 

D (mm) Wdis (mm) Dtab (mm) SI S2 DR Wdis/Dtab 

stylaxis 6-8 1 3-4 13-16 pd 1-2 0.25 
primitivum 5 1 4-4.5 17-18 r 2-3 0.2-0.25 
kitakamiensis 5-6 1.1 4 16-20 r 1-2 0.27 

Table 2. — Petalaxis (P.) vesiculosus group (see legend Table 1). 

D (mm) Wdis (mm) Dtab (mm) S1 S2 DR Wdis/Dtab 

vesiculosus 6-12 4.0 3-3.5 10-14 d 2-3 1.3 
belinskiensis 7-9 4.0 4.0 17-19 d 2-3 1.0 
lisitschanskensis 12-15 7.0 6.0 18-21 d 3 1.2 
gigas 11-16 5 5 19-21 d 2-4 1 
mohikanus 6-8 2 1 13-18 d 2-4 1.7 
exilis 8-9 3 2.5 10-14 r 3-5 1.2 
korkhovae 9-15 3.5 2.5 16-18 r 2-4 1.4 
persubtilis 9-15 6.0 2.5 15-17 pd 2-4 1 
conferîus 8-12 2 2 15-17 pd 2-4 1 
mirus 7-15 2-3 2 16-18 r 1-2 1-1.5 
evidens 13-15 2-2.5 2 19-20 pd 1-2 1-1.7 

Table 3. — Petalaxis {Grootia) group (see legend Table 1). 

D (mm) Wdis (mm) Dtab (mm) SI S2 DR Wdis/Dtab 

ivanovi 6-6.5 0.5 2 13-14 d 0-1 0-0.25 
yosti 5-8 2 4.6 18-22 d 0-4 0.4 
peraperîuensis 5-7 0-1 2.3 17 d 0-1 0-0.4 
radians 7-8 - 5 17 d 0 0 

santaemariae 5 - 2 19 d 0 0 
cantabrica 6-7 0-1 3 23 d 1-2 0.3 
wahooensis 5 1.3 3 24 d 1-2 0.4 

Table 4. — Petalaxis {P.) gigas n.sp. (see legend Table 1 ). 

Sample number D (mm) Wdis (mm) Dtab (mm) S1 S2 DR Wdis/Dtab 

32-9-4/2 14 3.5 3 20 d 2-3 1 
32-9-4/2 14 3 4 21 d 2-3 0.7 
32-9-4/2 12.5 3.5 3 20 d 3-4 1.7 
20-109a-3/1 11 5 5 19 d 3-4 1 
20-109a-3/1 16 5 6 19 d 2-3 0.8 
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Fig. 9. — Petalaxis (P.) vesk:ulosus group: A-D, Peialaxis (P.) 
gigas Kossovaya n.sp., N 32-9-4a/2 CNIGR muséum, St 
Petersburg, Russie, Northern Timan, Sula River section, loc. 32, 
bed 9. Moscovian stage. Myachkovian substage. Scale bar; 
1 cm. 

DiacnoSIS. — This group evolvcd towards the stabili¬ 
zation of mînor sepsj and thc widcnîng of ihe dissepi- 

mentarium, which rcachcd a maximum width in 
Myachkovian timc. The most sCvible fcatures are: (1) a 
well-developed lonsdaleoid disscpimcnrarium; (2) thc 

ratio of thc dhscpinicntarium wuhh lo thc cabuiariuin 
diamerer is cqual ro one or more. The strucrure of rhe 
axial part is tne most changeable fearure of représenta¬ 

tives of this group. l‘he septal lamcibe occur frequent- 
!y. For specics mcluded in PctaLvcis {P.) vcsicuhsns 

Group, wdis/Dtah is about 1-1.7. The représentatives 

of this group which arc tharacterized by maxinunn 
width ofdiiisepintoiiariuni arc mo-st widespread in the 
middle and upper parts of the Myachkovian substage, 

where they are stratigraphically important. 

Fig. 10. — a, Petalaxis (P.) flexuosus group: Petalaxis (P.) 
orboensfs de Grool. N 32-9-3a/l CNIGR muséum, St 
Petersburg. Russia. Northern rmian. Suta River section, loc. 32. 
bed 9, Moscovian stage. Myachkovian substage; B. C Petalaxis 
(P) vesiculosuagraop Petalaxis (P) gujas Kossovaya nJip., N 
20-l(}9a*3»'T CNIGR muséum. Si Petersburg, Russia. Northern 
Timan. M-alaya Pokayama section. Votonga River, loc. 20. bed 
109a. Moscovian -stage. Myaçhkovten subslage. holotype. Scale 
bar: 1 cm, 

PetaUveis (/î) ^gas n.sp. 

(Figs 8E-H, 9A-D, lOB, C, 13F, G, 14C, D; 

Table 3) 

Hou^TYPE. — Collection CNIGR muséum, St 
Petersburg, N 20-I09a-3/l-. Volonga River, Malaya 

Polcayama section, Sula Formation, Moscovian stage, 

Myachkovian subsrage, Ivanov'ta partial range zone, 
Pvttildxis t'rr/i w/ww.f spccics zone 

Material and OCCURENCii. — Moscovian stage, 
Myachkovian 5ubstage, Northern Timan, Sula 

J'ormation, Vlyachkovian substage, V'oionga River 

(Malaya Pokayama section), CNIGR muséum, St 

Petersburg, loc. 20, hed 109, rwo colonie.s, two crans- 

verse and rwo longitudinal sections Sula River» Sula 

River section, loc. .?2. bed 9. 

Etv'MOLOGY. — From "gigas” (lat.), enormous. 

Description 

Cerioid colonies with maximum size 1.0-1.7 m. 

Corallite 5-6 angle shape. Intercorallite wall 

thick, sometime waved. Major sepea long, nearly 
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Table 5. — Petalaxis {P.) flexuosus group (see legend Table 1 ). 

D (mm) Wdis (mm) Dtab (mm) SI S2 DR Wdis/Dtab 

flexuosus 5-7 2 3-4 14-17 d 1 0.6 
major 7-9 1.5-2 1.7-2.0 17-22 d 2-3 0.8-1.0 
orboensis 6-8 1.7-3.5 3.5-4 17-19 d 1-3 0.5-0.8 

Table 6. — Petalaxis (P.) mcoyanus group (see legend Table 1 ). 

D (mm) Wdis (mm) Dtab (mm) S1 S2 DR Wdis/Dtab 

wagneri 4 0-1 2-3.5 14-16 pd 1-2 0.3 
mcoyanus 5.4-7.8 0.5-1.0 1.5-1.7 16 pd 1 0.3 
donbassicus 5-7 1.0 1.5 14-17 d 1-2 0.6 
grootae 4-6 0.7 1.6 14-16 d 1-3 0.4 
sexangulus 3-4 1.0 2.5-3 13-15 r 0-1 0.4 
intermedius 5-6 1-1.2 2 16-19 r 4 0.6 

reach the axis of corallite. Number of major 

septa-19-21. Minor septum egual à half of major 

septum. Column thm, constnicred from the 

inner part of the cardinal septum. Cardinal sep¬ 

tum short in the poorly distinguished fossula in 

some corallites, In longitudinal section (Fig. 13G) 

there arc two septal lamellac parallel co the axial 

lamella of column. Internai wall séparâtes rabula- 

rium and dissepimentariiim. Tibul.ae subhori¬ 

zontal. Dis-scpimentarium consists of three to 

four rows ol large, convcx dissepimelit-s. 

Microstructure is of monotrabecular type. 1 hcrc 

are some dilferences in dimentions of corallites 

from dilferenr localities. 

Discussion 

New species differs Irom /? vesicidosus by larger 

diameter of corallites and wider ring of disscpi- 

ments. 

Petalaxis (/?) flextiosus group 

(Figs lOA, 11, 13E, 14A, B; Table 4) 

Species included. — P. flexuosus (Trautschold, 
1879), P. major [àc G root, 1963), P- orhoensis (de 
Groot, 1%3).. 

DiagnosIS. — riie nominal species of this group 
shows a more complex axial structure and a narrow 
ring of dissepiments., Axial structure consisis of the 
axial lamellae, few irregular radial lamellaes. Peripheral 
parts of septa can continue inro dissepimentariiim. 

The most con.stant morphological charactcristics in 
corals of this group are a complex axial structure and a 
narrow dissepimentarium consisting of small dissepi- 
ments developed in mature stages. For species includ¬ 
ed in Petalaxis {P) flexuosus Wdis/Dtab is about 
0.7-1. 

Petalaxis {R) mcoyanus group 

(Table 5) 

Species inceuoeü. — IK {P.) ivapteri (de Groot, 
1963), P. (P.) (Milne-Edwards et Haiine, 
1852), P. (P.) (huhassicus Fomichev, 1953, P. 

( P.) grootae Sando, 1983, P. {P.) sexuugulus (de Groot, 
1963), T. (/^.) intermedius{Ae 1963). 

ÜIAiiNüSIs. — ’J'his group occupies a position iiuer- 
médiate berween ihc P. group and P. flexuosus 

group and is characierized by a more complex axial 
structure, tlun the former and by a narrower dissepi¬ 
mentarium, than chat found in représentatives of the 
P, (P.) flexuosus group. For species included in 
Petalaxis (P.) mcoyanus group Wdis/Dtab is about 
0.3-0.7, 

Petalaxis {Gtootia) group 

(Figs 12A. 14F; Table 6) 

Species includep. — Petalaxis (Gnwtia) ivanovi 

(Dobrolybova, 1935), P ((7.) jsnrapertta'iisis {Ae 

Groot, 1963), /^ (G.) radians (de Groot, 1963), 
P. (G,) santaeniariac {àc Groot, 1963)  ̂P- (G.) eanta- 
bricus (de Groot, 1963), P. (G.) wahooensis 

Armstrong, 1972, P. (G.) y/ïtri Stevens, 1995. 
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Fig. 11. — Petaiaxis (P.) Ilexuosus group; A*D, Petalaxis (P.) 
flexuosus (Trautschold) N 24/140 muséum PtNRAN, Moscow 
Basin, Moscovian stage. Myachkovian substage; E, F. Petalaxis 
(P.) flexuosus (TrauJschold), N 5-6-1 CNIGR muséum, St 
Petersburg, Russie Northern Timan, Belaya River section, 
loc. 5. bed 6. Moscovian stage. Myachkovian subsîage; G, 
Petalaxis (P.) flexuosus (Trautschold). N 5-5-2 CNIGR muséum. 
St Petersburg, Russie, Northern Timan. Belaya River section, 
loc. 5. bed 5. Moscovian stage, Myachkovian substage. Scale 
bar: 0.5 cm. 

Dugnosis. — This group embraces spccius chanicic- 
rizcd by thc absence or weak development of lonsda- 
Icoid dis.sepimeiu.s and had been primerally 
determined as HiUia n.g. by de Groot (]%3). This 
name was preoccupîed (see Sando 1983). S.mdo 
considered this group as a spécial group within thc 
Pehtlaxis genus. The genus Nvas renamed as (irootid by 
Yu (1977). Mo.st oJ fhe species of this group are 
known from thc Bashkiiîan and Moscovian deposits 
oF the Cantabrian Mountaibs (de Groot 1964). Only 
ont spccics \P, {Gl’ooiiu)  lPdnovi\ from the Moscow 
Basin can be included and it is characterized by an 
absent or ver/ wealt development oFa lonsdaleoid dis- 
sepimentarium. Species included in Petalaxis (Grootia) 
group are characterized by Wdis/Dtab 0-0.4 

Fig. 12. — Petalaxis {Grootia) group: A, Petalaxis {Grootia) iva- 
novi (Oobrolyubova). N 89/140 (hoiotype) museurr\ PINRAN, 
Moscow Basin. Prolopopovo quarries in ttie vicinity of Kolomna, 
Moscovian stage. My&chkoviao substage, B Ivar^ovià (/varrowa) 
podo/skrens/s (DoDroIyubova). N 106/140 (holotype). muséum 
PINRAN Moscow Basin. Schurovo. Moscovian stage, 
Myachkovien suosiage: C. Dondstrùea bulla {Dobrolyubova) N 
68/140 (hoioiype; muséum PINRAN. Moî.cow Basin,. Podolsk, 
Moscovian stage Myachkovian substage. Scale bar 0.5 cm. 

Genus Cysto/omdaleia Fom ichev, 1953 

Diagnosis. — As in Fomichev (1953) and Hill  
(1981). Astreoid colonies of Petalaxidae Family. The 
main morphological Featurcs that bave been u.sed as a 
basis for caxonomical révision oF the astreoid colonies 
oF Petalaxidae axe: the type of colony» ihc difTctcnces 
in thc axial Mnicrurc of corallites and thc development 
of minor septa. 

Genus Dobrolyubova, 1935 

Jvanovia Dobrolyubova, 1935: 35. — Hill  1981: F403 
(partly). — Fomichev 1953; 477. — Wu & Lin 1992: 
105, 106. 

Cystophora — Dobrolyubova 1935: 20. — Fomichev 
1953:407. 
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Subgentis Ivanovia (Ivanovid) 

(Dobrolyubova, 1935) 

(Figs 12B, 15C, D> 16C D) 

Type SPECIES, — ivatmnet //d^rf/jM/w/VDobroiyubova, 

1935 (Figs I2R, I6C, D). Ffolorypc: sampic 106/140 
Muséum of Palaeontological Ensciiuce of Russian 

Academy of Science. Moscow (DobroJyubova 1935: 
35-36, plate XIJ, Ogs 1-2). 

Age and LOïûMITIES,— Mascovîaji stage, Podolskian 

and Myachküvian substages of Moscow Basin, Donets 

Basin, Kashirian? Podolskian substages of Spain. 

Moscovian stage of China, 

SpecieD INrMlDPD. — 7. (7.) podolskiensis Dohro- 

lyubova, 1935i /- (7.) (Fischer, 1830), 
A (7.) DobroLyubova. 1935, 7. (7.) sparsn 
(Fomichev, 1953). 7. (/.) cyitiseptatn (Fomichev, 

1953), /. (A) (Fomichev, 1953), /. (7.) aster 
Fomichev,, 1953,7. (7.) ^pogrcl>uskvi'^m\\c\\<^, 1953, 

7. (7.) Fomichev. 19531 (= Polytheciilts oed- 
dentalîsVo\\^\z\^^ ̂1953), /. (7) ifttvrmedia'^w H I in, 
1992, 7 (7) .wW/Z/is Wu ef Lm, 1992. 

DtAGNOSI.S. — Aphroid colony with somc traces of 
walls; major sepea long, but few reachîng columella, 

dilated in tabulariumj minor septa présent or not; 
septa discontinious ili  dissepimentarium; axial struc¬ 

ture compact, consists of thickned part of the counter 

septum or chickencd médian plate; sometime axial 
structure is veiy simple; pcriaxial cabellae slightly in- 
clined. Septal microstructure of monotrabecular type 

(Fig. 15E. F). 

Subgentis Ivanovia (Protoivanovia) X. Yu, 1977 

Type species. — Protoivanoma regularhy^. Yu, 1977. 

Species iNGLUDED. — hoHOvia (h'otoivanovia) régu¬ 
larisé. Yu 1977, 7 (P.) ditulaihccaia^M er Lin, 
1992, I. {P.) mayieunensis Wu et Lin, 1992, 

7. (7*.) shanchengzitnsis^'xi tfLin, 1992, 7. (7^.) sban- 

chengziensis pluriseptata Wu et Lin, 1992. 

Ivanovia (Procystophora) Kossovaya n.sg. 

(Fig. 16E. F) 

Type species. — Cyslophora densivesiculosa 
Dobrolyubova 1935, plate VU, figs 3-4. Holotypc: 
collection ofthe Muséum of Palaeontological Institute 

of Russian Academy of Science, Moscow., N140, thin 
sections 188-190. 

Species INCLuüed. — Ivanovia (Procystophora) densi¬ 

vesiculosa (Dobrolyubova, 1935) [= Cystophora densi¬ 
vesiculosa Dobrolyubova, 1935] (Fig. 16E, F), 7. (P.) 

sp. 1 [= 7. freiesleheni (Sruclccnberg, 1888) in 
Dobrolyubova 1935, plate IV, figs 1,2) 

Age and LOCALITIES. — Middie Carboniferous, 

Moscovian stage. Myachkovian substage, right bank 
of Mos'cow River, near Sonino village. 

DiagndsiS-— Cerioid-thamnasterioid colonies with or 
without traces of walls; major septa ratlier long, minor 

septa of inconstant Icnghl présent; axial structure com¬ 

pact, comprising thickened médian plate and some- 
limcs few short kmcllae with few axial labellae arranged 

in cônes: periaxial tabulac sagging, some peripheral cli- 

noiabellac. Microstruciure ol septa-multitrabccular, 

Donastraea n.g. 

(Figs 15R l6GsH, 12C) 

Lomdaleuutniea Fomichev, 1953: 498 (partiy). 

Cystophora - Dobrolyubova 1935: 27 (partly). 

Type species. — Lousdaleiastraea cystiseptata 
Fomichev, 1953. Holotype: CNIGR muséum, colL 

122/5030. (Fomichev 1953, plate XLI.  fig. 2) 
(Fig. 16G, H). 

Species tNi liTjed. — Donastraea cystiseptata 
(Fomichev, 1953) \ = Lonsdaleiastraea cystiseptata 
Fomichev, 1953] (Fig. lOG, H). D. yakovlevi 
d'omtchev', 1953) {  l*oTythecalis yakovlevi Fomichev, 

1933), D. bella (Dobrolyubova ,1935) (^-Cystophora 
Dobrolyubova. 1935] (Fig. 15F). 

Ace and Li>CALITY. — Moscovian stage, 

Myaçhkovtaii subsiagc-the base of the Kasiniovian? 
srage, Donets Basin, jimesrone Ol, to the ea.st t/om 
Rjazantsev village. 

F.TVMOI.OGV. — Dérivation of name from Don River. 

Diacnosis. — Aphroid colonies with axial structure 

from sini|.>lc médian plate to compound structure of 

regular shnpe with iiumerous radial lamella, sometime 
foiiniiig  tl)e structure cone-in-conc, inner sériés of 
t.tbellae .sagging. Di.s.sepimentarium wide, coiisi.sting 

of the hori-toncal rows of dîssepiments. Nantie dissepi- 

menis and septal carinae may bc présent. Micro- 

srrucrure of multirrabecular type. 

Genus Benxiphyllumél[v\ etCm, 1992. 

Cystophora Yabe et I layasaka, 1916: 76. - Yabe & 

Sugiyama 1944: 74, pi. 3, figs 1-4. 

Type species. — Cystophora manchurica Yabe et 
Hayasaka, 1916: 70; Yabe & Sugiyama 1944: 74, 

pl. 3, figs 1-3. 
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Fig. 13. — a. B, PetalaHîs {P.) vesiculosus {Dobrolyubova), N 32-9-3a/3 CNIGR muséum, Northern Timan, Süla River section, loc. 32, 
bed 9. Sula Formation, Myachkovian substage. (A) transverse section. {B) longitudinal section; C. D. Petalaxis (P.) stylaxis 
(Trautschold), N 32 -9-4a/1 CNIGR muséum, Northern Timan, Sula River section, loc. 32 . bed 9, Sula Formation, Myachkovian sub¬ 
stage, (C) transverse section. (D) longitudinal section: E. Petalaxis (P.) flexuosus (Trautschold), N 5-6-1 CNIGR muséum, Northern 
Timan, Belaya River section, loc. 5 , bed 9. Sula Formation, Myachkovian substage; F, G, Petalaxis (P.) gigas Kossovaya n.sp., 
N 32-9-4a/2. Northern Timan, Sula River section, loc. 32 , bed 9, Sula Formation, Myachkovian substage, (F) transverse section, (G) 
longitudinal section. Scale bar: 0.5 cm. 
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Fig. 14. — a. b, Petalaxis (P.) orboensis (de Grool), N 32-7-3/1 CNIGR muséum. Northern Timan, Sula River section, loc. 32. bed 7, 
Sula Formation. Myachkovian substage. (A) transverse section. (B) longitudinal section; C. D. Petalaxis (P.) gigas Kossovaya n.sp., 
N 20-109a-3/1 CNIGR muséum. Northern Timan, Malaya Pokayama section, loc. 20. bed 109. Sula Formation. Myachkovian substa¬ 
ge. (C) transverse section, (D) longitudinal section; E. Petalaxis (P.) persubtilis Kozyreva. N 31-9-1/4 CNIGR muséum, Northern 
Timan. Sula River section, loc. 31. bed 9, Askynbashskian substage: F. Petalaxis (P.) intermedius (de Groot), N 32-7-3/3, Northern 
Timan. Sula River section, loc. 32. bed 9. Sula Formation. Myachkovian substage. Scale bar: 0.5 cm. 
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Fig. 15. — a, B. Petalaxis (P.) stylaxis (Trautschold), N 32-9-4a/1, Northern Timan. Sula River section, ioc. 32. bed 9. Sula 
Formation, Myachkovian substage. (A) transverse section of coralirte. (B) transverse section of septum (SEM); C. D, Ivanovia 
podolskiensis Dobrolyubova, P-15-1a CNIGR muséum. Moscow région, Podolsk quarry, bed 15, Podolskian substage. (C) transver¬ 
se section of corallite, (D) transverse section of septum; E, Cysîophorastraea moe///(Stuckenberg), N 10/140 muséum PINRAN, 
Moscow. Moscow Basin. Myachkovian substage; F, Procystophora bella (Dobrolybova), N 140 muséum PINRAN, Moscow Basin, 
Myachkovian substage. Scale bars: A, 200 pm; B, D, 20 pm; C, 600 pm; E, F. 140 pm. 
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Fig. 16. — A. B. Petalaxis (P.) primittvum Kossovaya n.sp. CMIGR muséum. Si Peiersburg. N 801-11, Novaya Zemlya. Northern 
Island, Makarov Cape. loc. 801. bed 11, Bashkîrian stage, Askynbashskian substage (collecting ol Dr V. P Matveev). (A) transver¬ 
se section. (B) longiiudinal section: C. D, lvanoviâ{lvanovia) potfo/sAvens/s Dobrolyubova PINRAN, coll, 140, N 106/140, Moscow 
Basin, Myachkovian substage. Schurovo village. (C) transverse section. (D) longitudinal section; E, F. fvanovia {Procystophora) 
densivesiculosa (Dobrolyubova). PINRAN (Dobrolyubova, 1935), coll. 140. N 65/140, holotype. Moscow Basin. Myachkovian sub¬ 
stage. near Sonino village, (E) transverse section, (F) longitudinal section; G, H, Donastraea cystiseptata (Fomichev), CNIGR 
muséum {Fomichev 1953), coll. 5030. holotype N 436/503. Donets Basin, limestone 01, to east from Rjazantsev village, (G) trans¬ 
verse section. (H) longitudinal section. Scale bar: 1 cm. 
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Species iNc:i.UDHi>. — Bcnxiphyllum rruinchurica 
(Yabe f/Hayasaka, I9!6); B. biicillifomie^w Lin, 
1992; B. temcolumnaritm^M f^Lin. 1992; B. brachy- 
septatiim Wu et Lin, 1992; B. elliptmim Wii et Lin, 
1992. 

Age. — The upper part ûf the Late Carboniferous 
(Moscovian stage). 

Dugnosis. — Corallum compound, cystosc-aphroid, 
Wall occasionally appeared. Sepla of iwo order, di.s- 
tinctly thickened, wirh large almond-shape columella 
(Amygdalophylloid) in transverse section, in which 
there is a texture of middle and radial lines. Tabulac 
inclined towards the inner, latéral tabellae developed. 

PHYLOGENY 

Evolution of Petalaxidae could be subdivided 

into main phases within the uppermost lower 

Bashkirian to the end of the Moscovian. The 

appearance of the first représentatives oi Petalaxis 

seems to be the result ol colonization of nume- 

rous niches in stabilized environments. The siep- 

wise increase in divetsity was interrupeed by the 

unfavorablc conditions at chc end of Bashkirian 

in which only a fcw specics survived in the 

basins. 

Lhe beginning of ihe radiation phase of 

Petalaxidae family coinsldes vvith the maximum 

diversity level of the other groups of rugosc 

corals (Kossovaya 1996). The .structural changes 

of massive Petalaxidae have rcsulted in the 

increase in ihe degree of intégration (Fig. 6). 

Microstructural changes arc displaied by graduai 

change in ihe type uf microstructure, from 

monotrabccular (typical for most spccies of 

Pet/rbvei  ̂rn mennsranr mulritrabecular [charac- 

teristic for Donasti'aea (Figs 1IC, 15F)] and gra¬ 

duai stabilization of the multitrabecular structure 

in Donastraea, 

Phylcric évolution has resulted in the following 

skeletal expression in Pctalaxis-hanovia 

{Ivanovifi)  lineage: (1) simplification of the inner 

structure of the earliesî species with locally inrer- 

rupted Wall; (2) increase in the width of the dis- 

sepimentarium as a connecting structure beeween 

corallites. 

Fhe graduai change is characteristical for change 

in the type of colony from cerioid-aphroid to 

thamna.sterioid in the Ivariovia {Ivayiovîa) - 

ÎViimvia {Procystaphord) lineage. The complet- 

ness of inner structure and stabilization of 

multitrabecular structure seems to be the main 

évolution tendency in the Ivanovia {Ivanovia)- 

Domstraea lineage. 

CONCLUSIONS 

The évolution history of Petalaxidae fjom the 

originacion of cciioid Petnlaxis uylaxis Wm\\ 

simple innet structures (F'g- followed by 

rather rapid expansion and morphologkai diver¬ 

sification both in Petnlnxis and related groups 

resiilcing in morphoiogical innovation, could be 

subdivided into nvo phases, 

The first phase, rccovcry of long duration, is cha- 

racterized by stabilization of scvcral PeiuLixis 

lincages, shown herc as morphogenctic groups. 

Stabilization of minor septa occured within diffe- 

renc groups of Petalaxü after a short period of 

ccological dépréssion at the beginning of the 

Moscovian. Then, the floiirish of Petalaxidae was 

escalïli.shed within the Podolskian-Myachkoviaii 

interval (Fig. 6). Tlie second phase of adaptive 

radiation with increase both in the generic and 

spécifie diversity is characterized by morpho¬ 

iogical innovation expressed in the increase in 

degree of the intégration in colonies. After the 

originarion of aphroid Ivdimna (hamfvia) with 

simple axial structure a few crends are displaied 

with the appearance of thamna.sterioid type of 

otÀoixy Ivanovia iProcysTophom) n.sg. and aphroid 

colonies with gradually complicated axial .struc¬ 

tures (Donastraea n.g.). 

The paleogeographical rcalm of the Pnalaxis spe¬ 

cics are very wide; it embraccs aJl the margin 

shelf of Techyan paleoocean, including both che 

Peri-tethyan basins surrounding the Euro- 

american paleocontinent and niimerous epiconti- 

nental basin of castern part of Tethyan. Specics 

of Ivanovia lineage have a more narrow realm, 

They were widespread both in eastern and Sou¬ 

thern margin shelf basins of Euroamerican 

palaeocoiuinent and east-norchern margin basins 

of Tethyan océan. At the same rime représenta¬ 

tives with mosc complété axial structure of 

Donastraea and Benxiphyllum lineages occur in 
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the Southern margiii basins of Angarian and 

Euroamerican palcocontinents. 

It seems possible to cousidcr Lytvophyllum 

Dobrolvubova, 1941 as an ancestor of thc 

Petalaxidae bccause ol the siniilarity of thc bud- 

ding of the earlîest Petaluxis (7? styUixis group). 

Mature stages of fasdculare Lyivopbyllion spccics 

characteri/.ed by vcry high variabiliry are widc- 

spread in the recover)’  ̂assemblage after thc Mid- 

Carboniferous evcnt (Kr>ssovaya 1996). 

Addendum. — After chc drawing up ol this 

article, an important work on Petalaxidae family 

was publishcd by Bamber &: Eedorovvski (1998), 

Unforlunatly, thc material from ihat publication 

are not taken in account in the présent paper. 
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